We present an rf gas discharge apparatus which provides an atomic frequency reference for laser manipulation of metastable helium. We discuss the biasing and operation of a Colpitts oscillator in which the discharge coil is part of the oscillator circuit. Radiofrequency radiation is reduced by placing the entire oscillator in a metal enclosure.
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a) Author to whom correspondence should be adressed. Introduction. At present, all laser cooling and trapping of noble gas atoms is performed using atoms in excited, metastable states 1 . An important part of such manipulation experiments is an absolute optical frequency reference to maintain the laser frequencies at appropriate values. Such a reference is typically provided by an auxiliary low pressure gas cell in which a plasma discharge produces metastable atoms and in which saturated absorption spectroscopy can provide a spectroscopic signal to lock a laser on a desired atomic transition. Such discharge cells have employed both direct current (dc) 2,3 and radiofrequency (rf) 4-7 techniques. Radiofrequency discharges are appealing because they lend themselves to the use of sealed glass cells [5] [6] [7] with no internal metal parts. On the other hand, they have the drawback of radiating rf power into a laboratory in which many other sensitive electrical measurements are being performed, rf evaporation in a magnetic trap for example 8 .
In addition, when rf power is generated by an external oscillator and amplifier, impedance matching to the discharge coil is important and mismatch can result in substantial losses 5 .
In this work, we describe an efficient, low cost apparatus which provides good spectroscopic signals in an rf-discharge cell of helium. To avoid impedance matching problems, we use a Colpitts oscillator design in which the discharge coil is included as part of the oscillator circuit 9 . We describe a biasing method which allows us to easily vary the rf amplitude during operation. This feature is important because the voltage necessary to strike the discharge is much higher than that necessary to maintain it or that which optimizes the saturated absorption signal. The entire apparatus can operate in a metal enclosure, thus limiting rf interference in the laboratory.
Radio-frequency Colpitts oscillator. The oscillator we use to generate the rf signal is a LC oscillator circuit in the Colpitts configuration 9 (see Fig. 1 ). The resonant frequency f 0 is close to 21 MHz before the plasma turns on in the cell. Our approach shares features with the work of Ref. 10 where the LC oscillator circuit is in the Hartley configuration. In both circuits, the resonant frequency is set by the inductance of the coil wrapped around the glass cell (as well as by the capacitors C4 and C5 of Fig. 1 ), therefore avoiding any problem of impedance matching between the oscillator and the load 5 . Below we discuss our circuit in more detail and emphasize the differences with the work of May et al. 10 , especially with regard to the possibility to start the plasma without the need for an additional Tesla coil.
Starting a plasma discharge requires much more power than maintaining one. For this reason, in addition to the supply which generates the steady state power, a Tesla coil is often used to strike the discharge 10 . To avoid the Tesla coil, we supply the Colpitts circuit with a varying voltage V + allowing a high enough power to start the plasma (up to 30 W with V + = 360 V). V + is given by a boost converter the details of which can be found later in the text (see Fig. 2 ). Once the plasma is on, we reduce V + to a value which optimizes our spectroscopic observations (see text below and Fig. 4 ). The need to tune V + made us choose the scheme described in Fig. 1 where the base bias of the transistor Q2 is connected to a constant positive voltage of 26 V, unlike common base Colpitts oscillators. This solution has two advantages. First, it allows us to solve the problem of adjusting the circuit to obtain an oscillation. Indeed, oscillation of the Colpitts circuit is critical 9 and requires adjustment of the potentiometer AJ2 (see Fig. 1 ) to adapt the transistor base current. In the common base Colpitts configuration, the tuning of V + would require adjusting AJ2 every time V + is modified. Having a constant base bias voltage (and thus a constant transistor base current) allows a single adjustment of AJ2. Second, electrical consumption is much reduced with the constant 26 V voltage compared to that using V + .
Because the inductance of the circuit depends on the state of the plasma, the resonant frequency of the circuit changes with the applied voltage V + . In our circuit, the resonant Electronics inside the closed box. The oscillator is supplied by a boost converter as depicted in Fig. 2 (see Fig. 5 for a more detailed diagram). The use of a boost converter is motivated by its efficient power production and its compactness. The converter provides enough power to start the plasma inside the cell and it allows us to later diminish the electrical power (through the potentiometer AJ1) in order to control the metastable atom density in the cell and thus the amount of absorption of the laser light propagating through the cell (see Fig. 4 ).
Two frequency filtering elements have been placed in the electrical circuit. An inductance of 100 µH (inductance L11 in Fig. 2 ) decouples the Colpitts oscillator from the boost converter. As the box is directly plugged onto the electrical network at 50 Hz, a filter (IEC filter) prohibits any leak rf signal to propagate in the electrical network.
All components shown in Fig. 2 are placed in an aluminum box of thickness 3 mm to reduce the rf signal radiated into the laboratory. For such a box, the skin depth for a 10
MHz rf signal is 35 µm, corresponding to an enormous attenuation over 3mm. However, the 4 holes (of diameter 5 mm) required for letting the laser beam propagate through the cell will limit the attenuation of the radiated rf signal in the laboratory. The picture Fig. 3 Ignition of the plasma is more difficult with the box closed, presumably because of parasitic capacitive coupling to the box walls. Indeed, the initial version of the boost converter did not provide enough power (maximum value V + 280 V instead of 360 V) to start the discharge with the box closed. Using a more powerful boost converter as described here, permits ignition of the plasma with the box closed in a few seconds. We emphasize that the conditions for ignition of the plasma are related to the properties of the coil, the box and of the sealed glass cell (e.g. the gas pressure, about 1 mBar in our case).
Measurement of rf attenuation. To test the attenuation of the radiated rf signal when the box is closed, we have measured the voltage amplitude of the signal picked up by a loop of copper wire with a diameter of 5 cm similar to that of the glass cell. The induced current in the loop is proportional to the rf magnetic field and the measured voltage amplitude is therefore proportional to the amplitude of the radiated rf field. We have repeated this measurement at point A, in front of the hole made in the box (just in front of the glass cell) and at point B, on the side of the glass cell, both with the box closed and opened. The attenuation of the magnetic field amplitude at point A is ∼ 100 while it is ∼ 300 at point B.
This difference is expected as point A lies in front of the small hole made in the box for the laser beam to propagate. In this respect point B is more representative of the attenuation on the radiated rf magnetic field in the lab room. We have used our device to lock a laser to the atomic transition 2 3 S 1 −2 3 P 2 at 1083 nm of metastable He. Our laser source is a fiber-laser with 2W output power. A small part of the laser power is double-passed in an acousto-optic modulator to produce a 10 kHz frequency modulation (FM) of the laser frequency. The FM laser beam is sent through the cell in a saturated absorption spectroscopy configuration.
When the plasma is on, optical transmission goes to zero with increasing V + as the density of metastable Helium atoms increases. In Fig. 4 , we plot a measurement of the optical transmission through the glass cell as a function of the voltage V + . The transmission is unity for voltages below the minimum for maintaining the plasma (130 V). To choose the working point we monitor the amplitude of the saturated absorption peak. The contrast of this peak, plotted in Fig. 4 , is defined as the ratio of the voltage amplitude of the saturated absorption peak to that of the total absorption (as sketch in the inset of Fig. 4 ). The optimum value for V + corresponds to the deepest saturated absorption feature. It happens to be V + 170 V, well below the ignition point of the plasma and just above the minimum voltage to maintain the plasma. Finally an error signal is obtained from the demodulated absorption signal 12 . We easily obtain stable locking with a few mW of laser power delivered to the cell. Thanks to the use of a toroidal transformer (TR1 in Fig. 2 ), we observe no 50
Hz oscillations in the absorption signal.
Conclusion. With the exception of the glass cell, all the components of our device are inexpensive and readily available. The attenuation provided by the metal box seems to be adequate for continuous use in our laboratory. The design should be easily adaptable to other metastable species. 
